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SCOUR DEVELOPMENT AT BRIDGE ABUTMENTS ON PLAIN 
RIVERS IN FLOOD: ANALYSIS OF THE METHOD 
 
BORISS GJUNSBURGS, ROMANS NEILANDS, and ROBERTS NEILANDS 
 Civil Engineering Faculty, Riga Technical University, 16/20 Azenes Street, Riga, LV 1048, Latvia 
ABSTRACT: A method for computing the development of scour depth with time at the abutments in 
flood was elaborated. The method was confirmed by experimental data. A theoretical analysis of this 
method allowed us to determine the influence of the basic river flow and bed parameters on the 
relative depth of scour at the abutments. It was found that the relative depth of scour depended on 
the flow contraction, the relative grain size of the river bed and its distribution in depth, kinetic 
parameter of the flow, relative depth and velocity of the flow, Froude number with respect to the 
slope, unsteadiness of the flow, time of scour, and duration of the flood. According to the earlier 
investigations, the scour at bridge abutments also depended on the shape of abutments and the angle 
of flow crossing. Graphical dependences of the relative scour depth on different parameters were 
presented. 
1 Introduction 
     The contraction of the flow by bridge crossings on plain rivers changes the flow 
structure and leads to scour at bridge constructions. The failure of bridges as a result of 
scour at piers and/or abutments causes considerable damages and high expenses. 
In our investigation, we used a differential equation of equilibrium of the bed 
sediment movement for clear water and elaborated a method for calculating the scour 
development with time at the abutments during the flood [1] and [2]. The method was 
confirmed by experimental data [1]. 
Melville [3] shows empirical dependence of the scour depth on the depth and 
intensity of the flow, the type of foundation, shape, size, alignment and channel geometry 
Radice et al. [4] presents an empirical analysis of the relations between the scour depth 
and the control parameters of the flow, river bed, and abutment. 
A theoretical analysis of the method elaborated allowed us to estimate the influence 
of hydraulics and river-bed parameters on the scour at bridge abutments in the flood. The 
relative depth of scour depends on the contraction of the flow, relative grain size of the 
river bed and its distribution over the depth, kinetic parameter of the flow, relative depth 
and velocity of the flow, Froude number in relation to the slope, unsteadiness of the flow, 
time of scour, and duration of the flood. According to the earlier investigations, the scour 
at bridge abutments depends also on the shape of abutments and the angle of flow 
crossing. The dependence of the relative scour depth at the abutments on the above- 
mentioned parameters is presented graphically. 
 
 
2 Method 
     The differential equation of equilibrium for the bed sediment movement in the 
conditions of clear water is 
  sQdt
dw
= .                                            (1)  
Here, according to laboratory tests, the volume of the scour hole w = 1/6 πm2 hs3, t = the 
time, and Qs = the sediment discharge out of the scour hole. 
The left-hand part of Eq. (1) can be written as 
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where hs = the depth of scour and m = the steepness of  the scour hole. The sediment 
discharge was determined by the Levi formula [5] 
  4ls VABQ ⋅= ,         (3)  
where B = mhs is the width of a scour hole, Vl = the local velocity at the abutment, and A 
= a parameter in the Levi formula [5]. 
 
     The sediment discharge during the scour development is found from the formula 
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where b = Am · Vl4, k = the coefficient of changes in the discharge owing to the scour at 
the abutment, and hf = the depth of water in the floodplain.  
     The hydraulic characteristics, the contraction flow rate, the velocities Vo and Vl, the 
grain size in different layers of the bed, the sediment discharge, as well as the depth and 
width of the scour varied during the flood. 
     Allowing for formulas (2) and (4), differential equation (1) can be presented as 
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 After integration, we obtain 
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where Ni = 1/6xi
6 – 1/5xi
5 and ti = the time interval. 
     According to the method suggested, the hydrograph was divided in time steps, and 
each step was divided into time intervals. We performed calculations for each step of the 
hydrograph, so that to estimate the influence of the flow unsteadiness during the flood, 
but, in each time step, we assumed that the flow was steady.  
Using the graph N = f(x) for calculated Ni, we find xi and the scour depth at the end of 
the time interval:  
  )1(2 −= xhh fs .          (7)  
     To determine the development of scour depth during the flood, the hydrograph was 
divided into time steps with duration of 1 or 2 days, and each time step was divided into 
time intervals up to several hours or less. In laboratory tests, the time steps were divided 
into 20 time intervals. For each time step, the following parameters must be found: hf – 
depth of water in the floodplain, Q/Qb – rate of contraction of the flow, ∆h – maximum 
backwater, d – grain size, H – thickness of the bed layer with d, and γ – specific weight of 
the bed material. As a result, we have Vl, Vo, A, D, Ni, Ni-1, and hs at the end of time 
intervals and, finally, at the end of time step. For the next time step, the flow parameters 
were changed due to the flood and scour developed in the previous time step.  The 
method is confirmed by experimental data [1] and [2]. 
3 Analysis of the Method 
     For analyzing the method, we have transformed formulas (6) and (7) to a form which 
shows clearly that they contain dimensionless parameters and characteristic of the flow. 
     Now, formula (7) has the form 
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     Rotenburg [6] has found that the relative maximum backwater is a function of the 
following parameters: 
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where Q/Qb = the contraction of the flow, PK = the kinetic parameter of the open flow, 
PKb = the kinetic parameter of the flow under the bridge, Fr/i0 = v
2/gLi0 = the Froude 
number in relation to the river slope, h/hf = the relative depth of the flow, h = the average 
depth of the flow, and hf  = the depth of water in the floodplain. 
     In the general form, Eq. (8) can be written as 
 ⋅




=
25.02
2
4
42
1 12
f
f
i
h
dh
h
km
gA
N
ϕ
pi
                           (10) 
            
     From Eq. (10), relative depth of scour is a function the next parameters: 
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where d/hf = the relative grain size of the river bed and Ni-1 = the scour formed during the 
previous time step. 
     The depth of scour at the abutments depends on the flow crossing angle α (Richardson 
et al. [7]) and on the abutment shape m (Richardson and Davis [8]). 
     In the general form, the relative depth of scour is a function of the dimensionless 
parameters and time: 
     
 
                                                                                                                                        
 ,   (12) 
where a = the unsteadiness of the flow and tfl = the flood duration. 
     We present a graphical dependence of the relative scour depth on different flow and 
bed parameters. Figure 1 shows the relative depth of scour versus the contraction rate of 
the flow. With increase in the contraction of the flow, the relative depth of scour 
increases. 
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Fig. 1. Relative depth of scour versus the contraction rate of the flow. 
 
The dependence of the relative depth of scour on the relative grain size is presented 
in Fig. 2. With increase in the relative grain size, the relative depth of scour reduces. In 
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the case of a stratified bed, it is necessary to introduce the layer thickness Hd into the 
initial data, taking into account the grain size.  
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Fig. 2. Relative depth of scour versus the relative grain size. 
 
The influence of the open-flow parameters, such as the kinetic parameter of the flow 
equal to v2/ghf and the Froude number relative to the slope Fr/i0 = v
2/gLi0, is shown in 
Figs. 3 and 4. The quieter the flow, the smaller the kinetic parameter of the flow and the 
smaller the scour depth. 
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Fig. 3. Relative scour depth versus the kinetic parameter of the flow. 
 
As seen from the figures, the smaller the ratio between the inertia and frictional 
forces, the smaller the value of Fr/io, and the greater the relative scour depth. 
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Fig. 4. Relative depth of scour versus the Froude number in relation to the slope. 
 
With development of the scour depth, the ratio βV0/Vl increases. The greater the 
scour depth, the less the difference between the velocities V0 and Vl (Fig. 5). At the 
beginning of the scour, the smaller value of βV0/Vl can be accompanied by the greater 
relative scour. 
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Fig. 5. Relative depth of scour versus βV0/Vl . 
 
The scour depth depends on the time of scour and the flood duration. Under steady 
flow conditions in tests and calculations, at the beginning, the depth of scour rapidly 
developed and then, with time, it increased more slowly, as shown in Fig. 6. The 
development of scour under unsteady flow is shown in Fig. 7; it has a different curve 
compared with that in the steady flow conditions.  
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Fig. 6. Scour development with time for SL4 and SL19 tests under steady flow conditions. 
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Fig. 7. Scour development with time for a TL1 test under unsteady flow conditions. 
The development of scour was restricted by the duration of the flood. The scour 
ceases on the peak of the hydrograph or just after it. Figure 8 shows the depth of scour as 
a function of the flood duration. Contrary to experiments in hydraulics flumes, in the real 
flood, the time of scour development is restricted by duration of the flood, and therefore 
the depth of scour does not reach the equilibrium stage. 
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Fig. 8. Depth of scour development during the flood. Duration of time steps of the hydrograph 1, 
2, 3, and 6 days. 
4 Conclusions 
A method for computing the depth of scour development with time at the abutments 
during the flood was elaborated. According to the theoretical analysis of this method, the 
relative depth of scour depended on the contraction of the flow, relative grain size of the 
river bed and its distribution over the depth, kinetic parameter of the flow, relative depth 
and velocity of the flow, Froude number in relation to the slope, unsteadiness of the flow, 
time of scour, and duration of the flood. According to the earlier investigations, the scour 
at bridge abutments also depends on the abutment shape and the flow crossing angle. The 
dependence of the relative depth of scour at the abutments on the above-mentioned 
parameters was shown graphically. 
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